1. Introduction
===============

Community-acquired meningitis (CAM) can be classified as acute or subacute based on the duration of symptoms of ≤ or \>5 days.^\[[@R1]\]^ When approaching a patient with CAM, it is important to consider the duration of symptoms as subacute and chronic presentations are usually seen more often in tuberculous and fungal meningitis, whereas bacterial and viral are most likely considered in those with acute presentations. Acute bacterial meningitis (ABM) should always be considered in the differential diagnosis as it is associated with high mortality and neurologic sequelae requiring urgent antibiotic therapy and adjuvant corticosteroid therapy especially in those with pneumococcal meningitis.^\[[@R2]\]^ Unfortunately, the majority of patients with CAM have unknown etiologies most likely due in part to the underutilization of currently available diagnostic techniques such as arboviral testing or polymerase chain reaction (PCR) for the most common viral etiologies and for the lack of sensitivity of cerebrospinal fluid (CSF) cultures for bacteria, mycobacteria, and fungal etiologies (i.e., *Histoplasma capsulatum* and *Coccidioides immitis*).^\[[@R3]--[@R6]\]^ Tuberculous meningitis (TBM) represents a diagnostic and management challenge to clinicians as acid fast bacilli (AFB) cultures are insensitive and can take up several weeks to grow but patients require early antimycobacterial therapy and adjunctive steroids to improve clinical outcomes.^\[[@R5],[@R6]\]^ The Thwaites and the Lancet scoring systems have been developed to help distinguish TBM from bacterial meningitis but may not be as helpful in other subacute etiologies such as Brucella meningitis.^\[[@R6],[@R7]\]^

The main purpose of this study was to compare the etiologies, clinical presentation, laboratory findings, imaging studies, management decisions, and prognostic outcomes between acute and subacute CAM. Furthermore, we analyzed prognostic factors in both acute and subacute meningitis.

2. Materials and methods
========================

2.1. Case definition
--------------------

A total of 611 adult patients (\>16 years) with CAM were enrolled between January 1, 2005 to January 1, 2010 at 8 Memorial Hermann Hospitals in Houston, Texas. All patients presented with symptoms of meningitis (fever, headache, stiff neck, altered mental status, or focal neurological symptoms) and had CSF white cell count \>5 cells/mm^3^. The University of Texas Health in Houston Committee for the Protection of Human Subjects and the Memorial Hermann Hospital Research Review Committee approved the study.

2.2. Data collection and definition of outcomes
-----------------------------------------------

Baseline patient characteristics were recorded when the patient was in the emergency department. Comorbid conditions were measured by the Charlson comorbidity scale.^\[[@R8]\]^ Head computerized tomography (CT) scans and magnetic resonance imaging (MRI) of the brain reports were classified as abnormal if any intracranial parenchymal abnormality was noted. Cerebral atrophy or concomitant sinusitis was not considered abnormal.

Patients were classified into acute and subacute presentations by the duration of illness of ≤ or \>5 days, respectively. Inpatient electronic medical records were retrospectively reviewed to extract the following data: demographic information, comorbidities, immune status, clinical presentation, laboratory findings, imaging studies, and management decisions in both groups. The primary study endpoint was the presence of an adverse clinical outcome. Patient\'s outcomes were assessed at the time of discharge from the hospital by using the Glasgow outcome scale (GOS).^\[[@R9]\]^ The GOS categories were as follows: 1 = death, 2 = persistent vegetative state, 3 = severe disability (defined as partially or totally dependent on assistance from others in daily living), 4 = moderate disability (defined as independent and can resume almost all activities in daily living, but disabled to the extent that they cannot participate in a variety of social and work activities), and 5 = good recovery. An adverse clinical outcome was defined as a GOS score of ≤4.

2.3. Statistical analysis
-------------------------

Data analysis was performed with χ^2^ and analysis of variance test using IBM SPSS program version 21. Baseline characteristics having clinical association with an adverse clinical outcome were examined in bivariate analysis. Only variables showing a bivariate association (*P* \<.05) were entered into a logistic regression model. Bootstrapping was performed to validate the regression model.

3. Results
==========

3.1. Cohort assembly
--------------------

We screened 638 patients with meningitis, 27 patients were excluded due to incomplete medical records. A total of 611 patients were classified into acute and subacute meningitis based on the duration of symptoms ≤5 days (n = 458) and \>5 days (n = 153), respectively.

3.2. Baseline features and clinical findings
--------------------------------------------

Baseline sociodemographic characteristics, comorbidities, clinical and laboratory findings, and follow-up data are shown in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}. Acute meningitis patients consisted of 75% (458/611) of total cases, with a median age of 36 years, whereas subacute meningitis patients consisted of 25% (153/611), with a median age of 38 years. Both groups did not statistically differ in regards of age \>65 years, female gender, race, symptoms, signs, and coexisting medical conditions. Overall, the most common symptoms and signs included headache (90.7% vs 91.9%), nausea (67.7% vs 68.5%), fever (63.8% vs 63.8%), stiff neck (45.4% vs 44.5%), photophobia (40.9% vs 38.1%), seizures (3.7% vs 5.9%), malaise (36.7% vs 40.1%), respiratory symptoms (11.6% vs 14.2%), temperature \>38.4°C (30.5% vs 30.9%), nuchal rigidity (33.3% vs 24.5%), vesicular or petechial rash (1.9% vs 2%), sinusitis (3.7% vs 6.8%), otitis (2.7% vs 2.1%), and intravenous drug use (IVDU) 2.6% vs 3.4% for acute and subacute cases, respectively.
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Baseline characteristics of 611 adults with acute and subacute meningitis.
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Laboratory results and follow-up of 611 adults with acute and subacute meningitis.
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Subacute meningitis patients had significantly higher rates of comorbidities (defined by a Charlson comorbidity scale ≥1), (*P* = .020); immunosuppression, (*P* = .001); human immunodeficiency virus (HIV), (*P* = .003); and abnormal neurological findings (altered mental status: disorientation, lethargy, or Glasgow Coma Scale score \<15; and focal motor deficit, or cranial nerve palsy or aphasia), (*P* = .037).

3.3. Laboratory results, imaging studies, and physician management
------------------------------------------------------------------

Acute meningitis patients had higher median elevations in serum leukocyte counts (*P* = .033) and CSF leukocyte counts (*P* = .023) (Table [2](#T2){ref-type="table"}). Whereas, subacute meningitis cases had more positive CSF gram stain (*P* = .017); positive fungal CSF cultures and cryptococcal antigen (*P* \<.001); lower mean values of CSF glucose (*P* = .008), and more CSF glucose levels \<45 mg/dL (*P* = .003). No significant differences in regards of serum leukocyte counts ≥12,000 cells/μL (*P* = .606), mean values of CSF protein (*P* = .323), CSF protein ≥ 100 mg/dL (*P* = .464); positive CSF bacterial cultures (*P* = .073), positive CSF herpes simplex virus (HSV) PCR (*P* = .084), positive CSF enterovirus PCR (*P* = .159), positive CSF varicella zoster virus (VZV) PCR (*P* = .778), positive West Nile virus (WNV) serology (*P* = .166), and positive tuberculosis CSF cultures (*P* = .050) for acute and subacute cases were noted.

No statistically significant differences in regards of abnormal CT findings of the head (*P* = .187); abnormal MRI findings of the brain (*P* = .325); admission to hospital (*P* = .063); empirical acyclovir therapy (*P* = .840) for acute and subacute cases were found. Empiric antibiotic therapy was more often administered in acute meningitis cases (*P* \<.001), whereas empiric antifungal therapy was more often in subacute meningitis cases (*P* \<.001).

3.4. Etiologies and clinical outcomes
-------------------------------------

The majority of patients with meningitis in both groups presented with unknown etiology (418 patients, 68.4%). We were able to identify the etiologies in 31.6% (193/611). Etiologies were classified into unknown, bacterial, tuberculosis, viral, fungal, and noninfectious (Table [3](#T3){ref-type="table"}). There were no significant differences in unknown etiologies (*P* = .374), bacterial (*P* = .085), tuberculosis (*P* = .050), viral (*P* = .210), and noninfectious (*P* = .643). Bacterial etiologies consisted of 7.7% of meningitis cases in both groups; 8.73% and 4.58% of acute and subacute cases, respectively. Bacterial etiologies in acute meningitis comprised of *Streptococcus pneumoniae* (6.33%), 2 cases of *Neisseria meningitides*, *Enterococcus* sp, and Group B *streptococcus;* 1 case of alpha *streptococcus, Listeria monocytogenes, Streptococcus milleri,* methicillin-sensitive *Staphylococcus aureus, Escherichia coli, Haemophilus influenzae*, *Brucella* sp, *Mycoplasma pneumoniae*, and syphilis. Bacterial etiologies in subacute meningitis consisted of 2 cases of *S. pneumoniae* (1.3%), 1 case of *H. influenzae*, methicillin-sensitive *S. aureus,* coagulase-negative *staphylococcus,* and Group A *streptococcus*. Viral etiologies included 15.4% of all patients; 16.4% and 12.4% of acute and subacute meningitis, respectively. The most common viral etiologies in acute meningitis included HSV (8.3%), WNV (4.6%), enterovirus (2%); Saint Louis virus (0.4%), 1 case of VZV, cytomegalovirus (CMV), HIV, influenza virus, and Epstein--Barr virus (EBV). Viral etiologies in the subacute group consisted of HSV (5.88%), WNV (3.3%), HIV (1.3%), 1 case of Saint Louis virus, VZV, and enterovirus.
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Etiologies of acute and subacute meningitis.
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Fungal etiologies consisted of 6.9% of all patients. 4.4% and 14.4% of acute and subacute meningitis, respectively. The majority of fungal causes were due to *Cryptococcus neoformans* in both groups; 1 case of *H. capsulatum* meningitis in the subacute group. TBM consisted of 0.7% of both groups, 1 case in acute and 3 cases in subacute meningitis. Noninfectious etiologies were seen in 4 cases of acute meningitis (0.9%); 1 case of cerebral arteries aneurysm, central nervous system lymphoma, meningeal carcinomatosis, and lupus cerebritis; noninfectious etiologies were seen in 2 cases of subacute meningitis, 1 case of each paraneoplastic syndrome due to breast cancer and neurosarcoidosis.

3.5. Factors associated with adverse clinical outcomes
------------------------------------------------------

We used bivariate analysis to identify potential predictors of adverse clinical outcomes (Table [4](#T4){ref-type="table"}). In acute meningitis, age \>65 years, presence of comorbidity, abnormal neurologic findings, fever (*T* \>38.4^o^C), and abnormal laboratory findings (serum leukocyte ≥12,000 cells/μL, elevated CSF protein ≥100 mg/dL, decreased CSF glucose \<45 mg/dL) were all significantly associated with an adverse clinical outcome in the bivariate analysis (Table [4](#T4){ref-type="table"}). Clinical variables remaining significant after logistic regression analysis with bootstrapping included age \>65 years (OR = 5.340, 95% CI: 2.303--12.381; *P* \<.001); fever \>38.4 ^o^C (OR = 2.350, 95% CI: 1.072--5.154; *P* = .033); and abnormal neurologic findings (OR = 9.132, 95% CI: 4.316--19.323), *P* \<.001) (Table [5](#T5){ref-type="table"}). In subacute meningitis, age \>65 years, abnormal neurologic findings, and abnormal laboratory findings (CSF protein ≥100 mg/dL,) were all significantly associated with an adverse clinical outcome in the bivariate analysis. Clinical variables remaining significant after logistic regression analysis with bootstrapping included age \>65 years (OR = 5.305, 95% CI: 1.241--22.682; *P* \<.001) and abnormal neurological examination (OR = 13.119, 95% CI: 4.023--42.780; *P* \<.001).
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Bivariate analysis of factors associated with an adverse clinical outcome in 611 adults with acute and subacute meningitis.
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Logistic regression analysis of factors independently associated with an adverse clinical outcome in 611 adults with acute and subacute meningitis^∗^.
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4. Discussion
=============

This is the first study describing the clinical, laboratory features, management decisions, and prognostic factors for acute and subacute CAM in adults. Even though patients with subacute meningitis were more likely to have significant comorbidities or to be immunosuppressed, there was no significant differences in their clinical presentation except for a higher likelihood of having an abnormal neurological finding in those with subacute disease (*P* = .037) (Table [1](#T1){ref-type="table"}). The only studies to our knowledge that has compared patients with meningitis based on duration of symptoms have been done in cryptococcal meningitis and TBM.^\[[@R6],[@R10]--[@R12]\]^ A recent study of HIV negative cryptococcal meningitis showed that patients with acute/subacute presentation had more altered consciousness and hypoglycorrachia than patients with a chronic presentation (as defined by a duration of \>30 days).^\[[@R10]\]^ A subacute duration of symptoms has been incorporated into 2 clinical models that help differentiate tuberculous from bacterial meningitis,^\[[@R6],[@R11]\]^ which recently been applied in Brucella meningitis that typically also has a subacute presentation.^\[[@R7]\]^

In our study, there was a trend towards more bacterial meningitis cases in those with an acute presentation (8.4% vs 4.6%, *P* = .085) with more patients with subacute disease having fungal meningitis (24.2% vs 11.4%, *P* \<.001). Additionally, as expected, empiric antibiotic therapy was administered more frequently in acute and empiric antifungal therapy in those with subacute presentations, respectively (*P* \< .001). A positive Gram stain was more common in the subacute cohort due to the presence of yeast (Cryptococcus) in the majority of cases (*P* = .017). The clinical presentation, laboratory findings, and prognostic outcomes of our acute meningitis group were similar to other studies on acute bacterial meningitis.^\[[@R2],[@R12]\]^

There was no significant difference regarding viral etiologies between both groups, (*P* = .210). The most common viral etiology in both groups was HSV. Even though the median duration of symptoms in HSV meningitis or encephalitis is 2 days, patients can present with a range up to 21 days.^\[[@R13]\]^ The second most common viral etiology was WNV, a widespread pathogen in Texas during summer season. The median duration of symptoms in patients with WNV neuroinvasive disease is 4 days with a wide range from 1 to 21 days similar to HSV.^\[[@R14]\]^ Other viral etiologies included 3 cases of HIV seroconversion syndrome causing meningitis: 2 patients with subacute and 1 patient with acute presentation. There was no evidence of an opportunistic central nervous system infection. TBM was diagnosed with positive cultures in only 4 patients; 1 and 3 patients with acute and subacute presentation, respectively. Meningitis of unknown cause accounted for the majority of cases in both acute and subacute groups (69.4%, 65.4%, respectively, *P* = .374). This could in part be due to underutilization of current available diagnostic serological and molecular diagnostic techniques.^\[[@R3],[@R15]\]^

Subacute meningitis presented with lower serum and CSF leukocyte and more hypoglycorrachia than patients with acute presentations (*P* \<0.05). This could be due to the higher proportion of immunosuppressed patients and cryptococcal meningitis in the subacute cohort. Patients with acquired immunodeficiency syndrome (AIDS) that presents with cryptococcal meningitis can have low serum leukocyte counts with lymphopenia, low or absent CSF pleocytosis, and have significant hypoglycorrachia.^\[[@R16]\]^ Even though hypoglycorrachia is an important predictor of adverse clinical outcomes,^\[[@R17]\]^ there was no difference in outcomes between those with acute and subacute presentation. On logistic regression, age \>65 years, abnormal neurological findings were predictive of an adverse clinical outcome in both acute and subacute meningitis, whereas fever was also significant prognostic factor in acute meningitis (*P* \<0.05). Older age and abnormal neurological findings have also been shown to be associated with adverse clinical outcome in other studies.^\[[@R17],[@R18]\]^

Our study had several advantages. First, this is the only study of CAM to our knowledge comparing clinical, laboratory, etiologies, and prognostic factors in acute and subacute meningitis. Second, the large number of patients in our study enabled us to perform valid multivariable analysis to identify independent predictors for an adverse clinical outcome using a well-validated scale in both acute and subacute groups. Despite these advantages, we had some limitations. First, due to the retrospective design of the study, diagnostic testing was not comprehensive and the majority of patients had unknown etiologies. Unfortunately, this high proportion of unknown causes has been seen in other studies with CAM and could in part be due to underutilization of currently available diagnostic techniques.^\[[@R3],[@R15],[@R17],[@R18]\]^ Second, missing data and nonstandardized evaluations of the patients was inevitable. Lastly, as this study was done only in the Houston area, the results may not be generalizable to other cities in the USA or to other parts of the world.

5. Conclusion
=============

The majority of patients with CAM have unknown etiologies. Even though acute and subacute meningitis differ in their clinical presentation, etiologies, laboratory findings, and management decisions, they have similar rates and prognostic factors of adverse clinical outcomes. Findings could be different if patients had been thoroughly investigated with new diagnostic molecular methods. Further studies should be done to validate these results in different areas of the world.
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Brief Summary: Community-acquired meningitis was classified as acute or subacute, ≤5 days and \>5 days of symptoms, respectively. In both groups, the majority of patients had unknown etiologies; fungal meningitis was seen more frequently in subacute meningitis. Age \>65 years and abnormal neurological findings were predictive of an adverse clinical outcome in both acute and subacute meningitis, whereas fever was predictive of an adverse clinical outcome in acute meningitis.
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